Lipopolysaccharides (LPS) from the type strains of the anaerobic beer spoilage bacteria Pectinatus cerevisiiphilus and P. frisingensis were extracted with the 5:5:8 volume ratio modification of the phenolchloroform-petroleum ether method (H. Brade and C. Galanos, Eur. J. Biochem. 122:233-237, 1982). Sequential precipitations of LPS with water and acetone from the phenol phase yielded LPS which differed in that water-precipitable material (LPS-H20; 0.1 to 0.4% of the dry weight of the cells) was rough-type LPS, whereas acetone-precipitable material (LPS-Ac; 4.6 to 5.8% of the dry weight) contained both rough-type LPS and high-molecular-weight material resembling smooth LPS. The LPS were chemically characterized, and they contained D-glucosamine, 4-amino-4-deoxy-L-arabinose, 3-deoxy-D-manno-2-octulosonic acid, D-fucose, D-galactose, D-glucose, D-mannose, and phosphate. D-Fucose was present mostly in LPS-Ac, suggesting that it is a constituent of the 0 antigen. The major fatty acids were ester-and amide-linked (R)-3-hydroxytridecanoic and ester-linked undecanoic acids, with minor amounts of ester-linked tridecanoic and (R)-3-hydroxyundecanoic acids. The chemical compositions of LPS-H20 and LPS-Ac suggested that they differ not only in their smooth or rough nature but also in the structure of their core regions. This may explain their different precipitabilities from the extraction mixture. The extraction method was also shown to be applicable to the isolation of smooth-type LPS from Salmonella enterica serovar Typhimurium. Extraction of two Typhimurium strains carrying chemically different 0 antigens resulted in high yields (8% of the dry weight) of LPS. Strain SH2183, which contains the relatively hydrophobic 0-4,5,12 antigen yielded almost exclusively LPS-Ac, whereas the LPS of strain SH5770, which has a hydrophilic 0-6,7 antigen, was exclusively LPS-H20. No fractionation to smooth and rough LPS occurred with the Typhimurium strains. 3348 on January 30, 2020 by guest
The gram-negative genus Pectinatus consists of obligately anaerobic rod-shaped bacteria which have been identified as spoilage-causing organisms in packaged beer (1, 12, 25, 45) . Since their initial description and establishment of the genus and the species Pectinatus cerevisiiphilus (25) , another species, P. frisingensis, has been described (41) .
Lipopolysaccharides (LPS), also termed endotoxins, are structural components of the outer membrane of all gramnegative bacteria (for reviews, see references 27, 33, and 38) . Since the chemical composition and structure of LPS show large variation between bacterial genera (27) , the composition of LPS can serve as a taxonomic criterion. For this purpose, we previously performed a preliminary compositional analysis of the LPS of four isolates of Pectinatus, then classified as the species P. cerevisiiphilus (15) . That study revealed exceptional properties in the LPS, such as the predominance of fatty acids with odd-numbered chain lengths of 11 and 13 carbons and the lack of heptose, a sugar which is commonly present in LPS. Because of the general interest of these features and the possibility of using LPS as a species-specific target for detection of Pectinatus spp. in the brewing process, we are currently carrying out structural research on their LPS. To extract LPS for structural studies, we tested modified extraction methods, since the phenol-water method (52) was inapplicable and the phenol-chloroform-petroleum ether (PCP) procedure with an ingredient volume ratio of 2:5:8 (9) * Corresponding author. applied earlier to Pectinatus spp. gave low yields of LPS. We found that the modified PCP procedure which used a volume ratio of 5:5:8 (3) resulted in high yields of LPS. Furthermore, using this procedure, we were able to separate two macromolecularly different LPS from both P. cerevisiiphilus and P. frisingensis. Whereas the presence of two types of LPS in one bacterial species bears important implications for structure-function relationships, the preparative fractionation of LPS can serve as a helpful technique for LPS chemists and biologists. To establish a chemical basis for the observed fractionation, we have carried out a chemical characterization of different LPS elaborated by Pectinatus spp. We also show that the PCP 5:5:8 procedure can be successfully applied for extraction of smooth-type LPS in general.
MATERIALS AND METHODS
Bacterial strains and growth conditions. P. cerevisiiphilus ATCC 29359T and P. frisingensis ATCC 33332T (VTT-E-79100) were cultivated anaerobically under an N2 atmosphere with stirring (250 rpm) for 40 h at 30°C in a fermentor with PYG broth (per liter, 10 g of peptone, 10 g of yeast extract, and 20 g of glucose). Salmonella enterica serovar Typhimurium strains SH2183 (50) and SH5770 (49) and rough mutant his-515 (32) were grown on glucose-enriched nutrient agar modified as described previously (48) . The bacterial cells were collected by centrifugation and washed with 95% ethanol, acetone, and diethyl ether. Preparative methods. LPS was extracted with PCP 5:5:8 solution (90% aqueous phenol, chloroform, and petroleum ether [bp = 90 to 100°C]) as described previously (3). Precipitation was achieved by dropwise addition of water, and the precipitate was collected by centrifugation at 7,000 x g for 10 min. The precipitate was washed twice with 80% aqueous phenol and thrice with acetone, dried, and dissolved in water. To the supernatant was added 2 volumes of acetone, and the test tubes were kept at -20°C overnight. The precipitate was collected by centrifugation as described above, washed thrice with acetone, and dissolved in water. Crude LPS were treated with RNase (Sigma Chemical Co., St. Louis, Mo.) and proteinase K (Sigma) at 55°C for 16 h (10 mg of LPS per ml, 50 ,ug of enzyme per ml). The solutions were ultracentrifuged at 100,000 x g and 4°C for 4 h. Whole-cell lysates were prepared and treated with proteinase K (Sigma) as described by Hitchcock and Brown (18) . The PCP 2:5:8 procedure was carried out as described previously (9) , and the aqueous phenol method was used as described by Westphal and Jann (52) . Methods of chemical modification. Preparative dephosphorylation of LPS was performed with aqueous 48% hydrofluoric acid (48 h at 4°C) as described elsewhere (16) . Alkaline treatment of LPS was carried out with 0.2 M NaOH (100°C for 1 h). Methanolysis (2 M HCl-methanol), 2-butanolysis [2 M HCl in S(+)or R(-)-2-butanol (Aldrich-Chemie, Steinheim, Germany)], and 0 acetylation were carried out as described previously (30) .
Methods of chemical analysis. The thiobarbituric acid (TBA) assay (51) for 3-deoxy-D-manno-octulosonic acid (KDO) was performed after hydrolysis of the LPS in 0.1 M Na acetate, pH 4.4 (100°C, 1 h), or in 1 M HCl (100°C, 2 h [4] ). Phosphate was measured by the method of Lowry et al. (26) , and D-glucosamine (GlcN) was measured by the modified Morgan-Elson reaction (44) after hydrolysis (4 M HCl, 100°C, 16 h). Protein concentration was estimated by the modified Lowry method (29) , and uronic acid concentrations were estimated by a carbazole reaction (2) .
Neutral sugars, with D-xylose as an internal standard, were derivatized after hydrolysis (0.1 M HCI, 100°C, 48 h) to their alditol acetates (40) and analyzed by gas-liquid chromatography (GLC) and by GLC-mass spectrometry (GLC-MS). The presence of heptose was alternatively assessed by a colorimetric method (6) . Estimation of 4-amino-4-deoxy-Larabinose (Ara4N) was achieved by hydrolysis of LPS (4 M HCl, 65°C, 15 h), peracetylation, and GLC as described elsewhere (17) . The absolute configurations of sugars were determined by GLC of peracetylated S(+)and R(-)-2butylglycosides of the respective monosaccharides. The GLC retention times of the peracetylated diastereomeric S(+)and R(-)-2-butylglycosides were compared with those of authentic reference compounds (e.g., D-fucose and L-fucose) or Ara4N derived from Salmonella LPS.
Fatty acids were liberated from the LPS by combined acid-and base-catalyzed hydrolysis (16) , and methyl esters were prepared upon treatment with diazomethane (53). Ester-linked fatty acids were assayed with methanolic 0.25 M NaOCH3 as described by Rietschel et al. (39) . The absolute configurations of 3-hydroxy fatty acids were determined as described in reference 37.
Chromatographic, MS, and electrophoretic techniques. GLC was performed with a Hewlett-Packard (Avondale, Pa.) 5890 gas chromatograph equipped with flame ionization detectors. The carrier gas was helium. The following fused silica capillary columns and temperature programs were used. (i) Chemically bonded HP-5 (Hewlett-Packard; 25 m by 0.32 mm): 230°C isothermally (analysis of fatty acid 3-methoxy-D-phenylethylamides); 170°C, 3 min isothermally, increasing to 260°C at 5°C/min (analysis of fatty acid methyl esters, peracetylated Ara4N, and peracetylated methyl glycosides and 2-butylglycosides). (ii) Chemically bonded NB9C (HNU-Nordion, Helsinki, Finland; 25 m by 0.32 mm): 200°C, 3 min isothermally, increasing to 260°C at 3°C/min (analysis of neutral sugar alditol acetates and peracetylated 2-butylglycosides of Ara4N); 150°C, 3 min isothermally, increasing to 260°C at 3°C/min (peracetylated 2-butylglycosides of hexoses). The injection port and detector temperatures were 260 and 280°C, respectively.
The identities of the compounds obtained by GLC were confirmed by GLC-MS, the instrumentation and conditions of which were described earlier (30) .
For the estimation of amino sugars and amino sugar phosphates, an Alpha Plus 4151 amino acid analyzer (LKB, Bromma, Sweden) was used. Thin-layer chromatography of Ara4N phosphate was carried out on Silica Gel 60 plates (Merck, Darmstadt, Germany) with n-butanol-pyridine-water (6:4:3, vol/vollvol) as a developer. The plates were stained with ninhydrin, acetic acid, and Hanes-Isherwood reagent (13) as described in reference 48.
High-voltage paper electrophoresis (20) was performed with pyridine-formic acid-acetic acid-water (1:2:10:90 by volume; pH 2.8) buffer and stained with ninhydrin, TBA, and alkaline silver nitrate as described previously (16) . Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed by the Laemmli method (23) with 15% or 12.5% polyacrylamide gels containing 3.2 M urea (Schwartz/Mann Biotech, Cleveland, Ohio). The gels were stained with silver (47) .
RESULTS
Extractability of Pectinatus LPS by the PCP 5:5:8 procedure. Defatted cells of P. cerevisuiphilus and P. frisingensis were extracted with PCP in a volume ratio of 5:5:8 (Table 1) . After removal of chloroform and petroleum ether, precipitation of the extract was carried out sequentially with water and acetone. With both species, precipitation with water yielded a small amount of material, representing only a minor fraction of that brought down by the subsequent acetone precipitation (Table 1 ). Since pilot analyses had shown that the acetone-precipitated materials were contaminated with appreciable amounts (10 to 20% [dry weight]) of protein, they were treated with proteinase K, dialyzed, and freeze-dried to yield acetone-precipitable LPS (LPS-Ac). The water-precipitated fractions were free of protein but contained nucleic acids as indicated by their UV spectra. They also contained inorganic phosphate. Therefore, they were treated with RNase, ultracentrifuged, and freeze-dried to yield the final product, termed water-precipitable LPS (LPS-H20). The resulting materials contained negligible . SDS-PAGE of LPS-H20 and LPS-Ac of P. cerevisiiphilus and P. frisingensis. To assess the macromolecular quality of the extracts, they were analyzed by SDS-PAGE and compared with proteinase K-treated whole-cell lysates ( Fig. 1 ). After being stained with silver, the whole-cell lysates of both species exhibited a heavily staining fast-migrating band and a more slowly migrating group of bands discernible as a ladderlike pattern typical of smooth LPS containing polymerized 0 chains. The LPS profiles of the two species differed, particularly in the migration pattern of their highmolecular-weight bands.
The gel profiles of the PCP 5:5:8 extracts (LPS-H20 and LPS-Ac) differed from each other in that LPS-H20 lacked the high-molecular-weight bands. Instead, these bands were present in LPS-Ac in an arrangement identical to that seen in the whole-cell lysate (Fig. IA) . Obviously, a fractionation of LPS had occurred in the isolation procedure so that only low-molecular-weight LPS was precipitated by water, whereas the bulk LPS, consisting of both low-and highmolecular-weight material, was precipitable with acetone. At higher resolution, the fast-migrating material of P. cerevisiiphilus LPS was discernible as two distinct bands, as shown in Fig. 1B (lanes 4 and 5) . The lower band was equally strong in LPS-Ac (lane 4) and LPS-H20 (lane 5), whereas the upper band was faint in LPS-Ac but enriched in LPS-H20. Such a doublet was not present in P. frisingensis LPS; there was no similar separation of the fast-migrating band (Fig. 1B,  lanes 2 and 3) .
Chemical characterization of the LPS. LPS-H20 and LPS-Ac of both species were composed of GlcN, KDO, neutral sugars, Ara4N, phosphate, and fatty acids in the proportions shown in Table 2 . These constituents accounted for 83 to 94% of the dry weight of LPS. GlcN was found in all of the LPS, and after strong acid hydrolysis (4 M HCl, 100°C, 16 h) approximately 40% of it was detected in the amino acid analyzer as glucosamine phosphate. Another amino sugar, Ara4N, was present in each LPS. This sugar exhibited GLC retention times and electron impact mass spectra identical to those obtained with Salmonella-derived Ara4N when determined, after hydrolysis, as either peracetylated derivatives or peracetylated S(+)and R(-)-2butylglycosides. The latter data also support the conclusion that the Pectinatus-derived Ara4N is in the L configuration. (0.2 M NaOH, 100°C, 1 h), a dialyzable compound which exhibited migration in TLC and staining properties identical to those of authentic Ara4N 1-phosphate derived similarly from S. enterica serovar Typhimurium was released (48) . In the alkali-treated LPS, Ara4N was no longer present. Also, after treatment with hydrofluoric acid, Ara4N was no longer detectable in LPS. Collectively, these data imply that Ara4N is present in Pectinatus LPS in a linkage similar to that in Salmonella LPS, i.e., linked to the 4'-phosphate in lipid A (27, 38) . Quantitatively, LPS-Ac from both species contained significantly less Ara4N than the corresponding LPS-H20.
Each LPS contained TBA-positive material (absorption maximum, 549 nm). After methanolysis and peracetylation of the LPS, KDO was detected by GLC-MS as its peracetylated methyl ester, methyl ketoside, which was indistinguishable from authentic KDO derivatized in the same way. In high-voltage paper electrophoresis, hydrolysates of LPS (supernatant from treatment with 0.1 M HCI at 100°C for 1 h) revealed one TBA-positive spot that migrated as authentic KDO. Thus, we conclude that the TBA-positive material in Pectinatus LPS is KDO alone.
Estimations of the KDO content in LPS were performed by the TBA assay using two hydrolysis procedures (0.1 M Na acetate, pH 4.4, at 100°C for 1 h and 1 M HCl at 100°C for 2 h). In P. cerevisiiphilus LPS, hydrolysis by Na acetate liberated small amounts of KDO, with LPS-H20 yielding less than LPS-Ac. Hydrolysis by HCl yielded stoichiometric amounts of KDO that were larger in LPS-H20 than in LPS-Ac. The latter finding is in agreement with LPS-Ac being a larger molecule, and, assuming that KDO exists in the core oligosaccharide only, the amount of KDO therefore would be expected to be proportionately smaller than in LPS-H20. On the other hand, the lower content of Na acetate-labile KDO in LPS-H20 indicates a difference in the substitution of the KDO region between LPS-H20 and LPS-Ac. In a similar manner, albeit with a smaller difference, the pattern of results concerning KDO in the two LPS of P. frisingensis also supports this conclusion.
Although each LPS contained D-fucose and the three hexoses, their proportions differed considerably in LPS-H20 and LPS-Ac. In the LPS-Ac of both species, D-fucose was present as a major sugar, whereas in LPS-H20 it was a minor one. D-Fucose apparently is a constituent of the 0 side chain, the ladder structure of which was seen in SDS-PAGE of LPS-Ac of both species (Fig. 1) . The galactose content of LPS-H20 of P. cerevisiiphilus was notably high. Heptoses were not detected in any of the LPS, either in neutral sugar analysis (alditol acetates) or in the Dische (6) assay, even after dephosphorylation by hydrofluoric acid. We also did not detect uronic acids in the LPS.
The major fatty acids found in each LPS ( Table 2) were undecanoic (11:0) and (R)-3-hydroxytridecanoic [13:0(3-OH)] acids; they were accompanied by minor amounts of tridecanoic (13:0) and (R)-3-hydroxyundecanoic [11:0(3-OH)] acids. In the LPS-H20 of P. cerevisiiphilus, these constituents were present in a ratio of 1.7:4.0:0.3:0.1 (assuming, by analogy to enterobacterial lipid A, that major 3-hydroxy fatty acid accounts for 4 mol). In LPS-Ac, a ratio of 1.2:4.0:0.1:0.1 was found, suggesting that its content of 11:0 was smaller. A similar phenomenon was observed with the LPS of P. frisingensis. The LPS-Ac of both species contained additional fatty acids (1 to 2% of the dry weight of LPS; mainly pentadecanoic acid) which were removed by washing with chloroform-methanol and were therefore con-sidered to be contaminants, most likely of phospholipid origin.
In conclusion, the chemical characterizations indicated that the LPS-H2O and LPS-Ac differed considerably from each other. Notably, components that are likely to be associated with lipid A (fatty acids, Ara4N, and phosphate) and core oligosaccharide (KDO, Ara4N, and phosphate) were present in larger amounts in LPS-H20 than in LPS-Ac. The presence of additional neutral sugars, D-fucose in particular, and the ladder pattern on SDS-polyacrylamide gels confirm the smooth nature of LPS-Ac, whereas LPS-H2O exhibits rough-type character. In addition, within each species, LPS-H20 and LPS-Ac may also differ in the structure of their KDO region and in their fatty acid content.
Type of linkage of fatty acids. Transesterification of the LPS with 0.25 M NaOCH3 and GLC analysis of the released fatty acid methyl esters revealed that 11:0, 11:0(3-OH), and (R)-3-methoxytridecanoic acid [13:0(3-OMe)] were directly released in an equimolar ratio. Treatment of the mixture with CH2N2 doubled the amount of 11:0 detectable as methyl ester, with the latter value corresponding to the total content of 11:0 in the LPS. These data imply that one 11:0 is an ester-linked substituent at the 3-OH group of an ester-linked 13:0(3-OH) and another 11:0 is a substituent at the 3-OH group of an amide-linked fatty acid. The ester-linked 13:0(3-OH) is in turn derivatized to the 13:0(3-OMe) methyl ester. The minor fatty acids 11:0(3-OH) and 13:0 appeared directly as methyl esters in the assay, showing that they were ester linked, with the former possibly partly replacing 13:0(3-OH) and the latter replacing 11:0. In each de-O-acylated LPS (LPS-OH), only 13:0(3-OH) was detected after strong alkaline hydrolysis (4 M NaOH, 100°C, 4 h), which is commonly used to liberate amide-bound fatty acids from lipid A. This amounted to approximately half of the 13:0(3-OH) measurable in the total fatty acid assay, suggesting that about two equivalents of 13:0(3-OH) are present in the amide linkage.
Applicability of the PCP 5:5:8 procedure to the extraction of smooth-type SalmoneUla LPS. Since both species of Pectinatus contain 0 antigens rich in D-fucose (Table 2) , we considered the possibility that this 6-deoxy sugar could bring about a relatively high degree of hydrophobicity of the LPS and could thus account for the solubility of LPS in the PCP 5:5:8 mixture. To determine whether other types of smooth LPS are similarly extractable, we tested the procedure on two smooth strains of S. entenica serovar Typhimurium having chemically different 0 antigens. The 0 antigen of strain SH2183 is of the 4,5,12 specificity, containing D-mannose, L-rhamnose, D-galactose, 3,6-dideoxy-D-xylo-hexose, and (partly) D-glucose in the repeating unit (28), whereas in strain SH5770 the 0 antigen is genetically replaced by the 0-6,7 type, whose repeating unit consists of a linear tetrasaccharide of D-mannose with one 2-acetamido-2-deoxy-D-glucose, as well as one D-glucose as a branch (28). The extraction procedure resulted in a high yield of lipopolysaccharide from both strains ( Table 3 ). The precipitation characteristics, however, differed according to the type of 0 antigen present. The 0-4,5,12 LPS of SH2183 was almost exclusively precipitated with acetone, and only a minor fraction was water precipitable; in this sense, SH2183 was similar to the Pectinatus species. In contrast, with the 0-6,7 derivative SH5770, a massive precipitation occurred with water, whereas subsequent addition of acetone precipitated relatively little material.
The bulk materials extracted from the Typhimurium strains (LPS-Ac of SH2183 and LPS-H20 of SH5770) were chemically typical Salmonella LPS (data not shown). In VOL. 174, 1992 on January 30, 2020 by guest http://jb.asm.org/ Downloaded from (1) SDS-PAGE, they yielded banding patterns indistinguishable from those of the corresponding proteinase K-treated cell lysates and LPS extracted by the phenol-water procedure (Fig. 2) . The acetone precipitate of SH5770 was practically pure protein (98% by the Lowry assay), whereas the minute amount of water-precipitable material of SH2183 was smooth LPS; these fractions were not studied further.
DISCUSSION Application of the PCP 5:5:8 procedure to the extraction of defatted Pectinatus cells and smooth-type Salmonella cells resulted in high LPS yields (5 to 8% of the dry weight) from each strain. These yields come close to the theoretical LPS content of bacteria (33) and compare well with the maximal yields reported for the aqueous phenol procedure usually employed for the isolation of smooth LPS (52) . The PCP 5:5:8 procedure is a modification of the original 2:5:8 method of Galanos et al. (9) , which was designed for the extraction of rough LPS, and was used earlier for the extraction of LPS from Acinetobacter calcoaceticus NCTC 10305 (3) and Campylobacter jejuni (31) , both of which produce rough-type LPS. We have now shown that this method is also applicable for smooth-type LPS. According to our results, LPS carrying polymerized 0 antigens of rather different hydrophilicity are effectively solubilized by the PCP 5:5:8 mixture. After removal of solvents from the extraction mixture, the relative hydrophilicity of the 0 antigen seems, however, to drastically affect the recovery of LPS from the remaining phenol. A hydrophilic LPS such as the Salmonella 0-6,7 type is completely precipitated by the addition of a small amount of water, whereas the less hydrophilic Salmonella 0-4,5,12 type and D-fucose-rich Pectinatus LPS are not. It is tempting to speculate that hydrophilic LPS molecules in phenol readily interact with water to create large insoluble micelles and that in the case of less hydrophilic LPS molecules, such a micellar state is not reached within the monophasic phenolwater system.
An important finding was that a partial fractionation into smooth and rough LPS occurred with the Pectinatus strains. This phenomenon could not be observed for the smooth Typhimurium strains, despite the fact that their LPS are also heterogeneous and contain both smoothand rough-type molecules (11, 35) . The reason why Pectinatus LPS were fractionated could be related to the high level of D-fucose in their tentative 0 antigens, which could cause smooth LPS to be far less hydrophilic than the rough LPS molecules lacking D-fucose. The difference in the degree of hydrophilicity between rough and smooth LPS would then be large enough for the fractionation to happen. This hypothesis, however, lacks proof, since direct evidence of the relative hydrophilicities is not available. Another, more likely explanation is that Pectinatus bacteria elaborate two types of LPS which differ in their core oligosaccharide region. This hypothesis is supported by the chemical data for the LPS-H20 and LPS-Ac of both Pectinatus species, more notably P. cerevisiiphilus.
The smaller amount of KDO detected after mild acid hydrolysis (pH 4.4) in rough-type LPS (LPS-H20) than in smooth-type LPS (LPS-Ac) indicates a difference in the substitution of the KDO ring (4). In general, KDO is known to carry a great variety of substituents (38) . A hydrophilic substituent at the KDO of LPS-H20 could render these molecules precipitable with water from phenol. The presence of two different cores in P. cerevisiiphilus is also supported by the finding by SDS-PAGE that the rough-type material consisted of two bands, the upper of which was enriched in LPS-H20 (Fig. 1B ). This band may represent a slightly larger LPS due to additional substituents at the KDO or elsewhere in the core. A possible hydrophilic substituent could be D-galactose in LPS-H20. To solve these problems, it will be necessary to study the structure of the KDO region of Pectinatus LPS. The simultaneous production of two different LPS core structures by one bacterial strain has been reported for Bordetella pertussis (24) . This bacterium elaborates two rough-type LPS in which a difference could be shown to reside in the phosphorylation at position C-4 of KDO (5) . In Yersinia pestis, two different LPS have been found. One is extractable by the PCP method, and one is extractable by the phenol-water method, and they probably represent smoothand rough-type species (2a). The achieved fractionation of the Pectinatus LPS allows comparison of the lipid A component of the smooth LPS and that of the rough LPS. For this purpose, fractionation of isolated smooth LPS of S. enterica serovars Abortus equi and Typhimurium has been previously achieved by hydrophobic interaction chromatography (7) and solvent extraction (10, 19) . The conclusion from those studies was that the lipid A of smooth LPS is underacylated and exhibits a reduced acyl substitution pattern; our finding that in Pectinatus spp. the relative amount of undecanoic acid is smaller in LPS-Ac than in LPS-H20 is in agreement with those results.
Although calculation of molar ratios of constituents awaits structural data, the high content of presumably lipid A-linked Ara4N in all Pectinatus LPS indicates that this aminopentose is a stoichiometric component, as it is in the lipid A of Proteus mirabilis R45 (42), Chromobacterium violaceum NCTC 9694 (14) , and Rhodospirillum tenue 2761 (46) . Further studies will reveal whether similarities to these bacteria exist in the structure of Pectinatus lipid A.
The absence of heptose in Pectinatus LPS, already noted in a previous report (15) , was verified in the present study. The major neutral sugar component of the smooth-type LPS in both Pectinatus species was fucose, and it was present exclusively in the D configuration. In nature, D-fucose is a relatively rare sugar (8) , and it has been previously identified in the 0 antigen of a few bacteria, such as Pseudomonas cepacia (21), Pseudomonas syringae (22, 34) , and Erwinia amylovora T (36) . These bacteria are plant pathogens, and the presence of D-6-deoxyhexoses in their LPS has actually been associated with plant pathogenicity (43) . Pectinatus bacteria were first identified in breweries in the 1970s, but their origin has remained unknown. The presence of D-fucose in their LPS might indicate that their natural habitat is that of a plant pathogen or saprophyte and that they were carried to breweries with raw ingredients such as malt or hops. The brewing process itself, being anaerobic, provides conditions that allow the persistence of Pectinatus spp. as a harmful contaminant.
While the function of the two different LPS species in the genus Pectinatus remains to be elucidated, the preparative technique applied and generally tested here will allow the assessment of the possible presence and biological significance of distinct LPS in other bacterial groups.
